Introduction
In recent years international attention on wildfires in Indonesia has focused predominantly on forest and peatland degradation, transboundary haze, and biodiversity and economic impacts associated with major El Nino Southern Oscillation (ENSO) events in 1997 / 98 and 2002. The 1997 / 98 fires, which affected 117,000 km2 particularly in Kalimantan, Sumatra and West Papua, are estimated to have incurred forest degradation and deforestation costs in the range of US$1.6-2.7 billion, and potentially even greater smoke haze pollution and carbon emission costs (Tacconi 2003) .
Fire regimes in other parts of the Indonesian archipelago are not so well documented or understood, especially in markedly seasonally dry (monsoonal) regions (Dennis 1999). A salient example is the Province of Nusa Tenggara Timur (NTT), which includes the major islands of Flores, Sumba, and the western half of Timor, home to over five million people. Economically, it is amongst the poorest Provinces in Indonesia (Biro Pusat Statistik 2004) , with heavy reliance on subsistence dry land agriculture (Djoeromana et al. 2000) . While fire in NTT is widely deployed in various agricultural (swidden, preparation of permanent garden plots), livestock management and hunting activities, uncontrolled fires are commonplace and incur significant environmental and economic impacts-including on relatively small areas of remnant or regrowth forest estimate forest cover in NTT currently comprises just 9.6% of the land area.
As part of a collaborative research initiative addressing the use of fire for sustainable agricultural and forestry development in NTT, remote sensing and associated Geographic Information System (GIS) technologies were used to better informing fire management and policy development with reference to study sites located on the islands of Flores and Sumba. In particular, we assess the practicability of applying standard methodologies as currently used for landscape-scale monitoring of fire regimes in the fire-prone savannas of adjacent northern Australia of tropical rain forest, monsoon forest, and woodland and grassland savanna. Over longer timeframes fire is considered a key agent in the conversion of once widespread regional forests to savanna (Monk et al. 1997 ).
On Sumba, studies were conducted primarily in two contiguous villages near Waingapu, the capital city of the 7000 km2 East Sumba Regency (Fig. 1 ). Lukuwingir and Kiritana respectively comprise 51.8 km2 and 63.7 km2 planar land area, and populations of around 530 and 1500 people. The topography is very rugged, dominated by deeply incised, erodible limestone which supports open savanna grasslands and only light grazing (cattle, horses), and fertile, although mostly seasonally arid, alluvial/colluvial valleys which are cultivated for a variety of subsistence crops (corn, vegetables, some rice). While small in area, patches of remnant forest contribute significantly to household economies (ACIAR 2004a).
In central Flores, two nearby village study areas, Dhereisa and Dorameli, were located in the 3000 km2 Ngada Regency ( Fig. 1) : Dhereisa covers 17 km2 and includes 800 people; Dorameli covers 10.3 km2 and includes 900 people. Topography is undulating to steep, comprising rich volcanic soils derived from the nearby active Gunung Elbelobo (2124 m). Vegetation cover and agricultural activities are similar to those in East Sumba although weaving of textiles and production of palm toddy (from Arenga pinnata) contributes significantly to peoples' livelihoods in Dhereisa and Dorameli, respectively Small patches of remnant forest contribute significantly to household economies Landscape in the East Sumba study area.
Land cover
Late dry season Landsat satellite imagery in combination with on-ground surveys were used to map vegetation cover with the study villages.
In East Sumba, savanna grasslands are the dominant landcover, comprising >75% of both Lukuwingir and Kiritana study sites. Forest types contribute around 20%, with cultivated land comprising <2% (Fig. 5) . In Ngada, savanna grasslands are dominant (57%) at Dhereisa, followed by cultivated land (29%) and combined forest types (14%). At Dorameli, cultivated land is dominant (50%), followed by savanna grassland (40%) (Fig. 4) .
Fire Mapping
Fire mapping was conducted on two satellite image dates per year for 2003 and 2004 . Using image analysis software fire affected areas where mapped for each image date and imported into GIS software for analysis.
There was considerable variation in the proportion of area burnt between each of the four study sites, ranging from an average (2003-04) of ca. 33% at Dhereisa (Ngada) to 11.9% at Kiritana (Fig. 4) . At the Regency scale there was substantially more burning in East Sumba compared to Ngada both in 2003 and 2004, with increased burning extent evident at both locales in 2004 (Fig. 3) . A two-year average of 10.5% was burnt in the Ngada Regency, and 28.8% in the East Sumba Regency.
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The Flores study area is dominated by the active Volcano gunung Elbelobo.
Fire damage in NTT. Mapping at the village level showed that an average of 87% of burning occurred in savanna grasslands (Fig.  3) . Small but economically significant areas of forest cover burnt each year at all village sites (Fig. 4) .
Considerable variation in burning patterns was observed within each mapped scene (Fig. 2) . Much of this variation was attributable to a combination of topographic influence and land use. For example, at Dorameli, it was observed that the majority of the fires were small and linear, generally confined to valley slopes; whereas, in Dhereisa, large rolling plains that extend out to the south-east of the village facilitate the spread of larger fires into and out of the village area. In Sumba, the relatively rugged terrain of our study sites limited the extent of burning; whereas to the east and west large areas of open, sparsely populated pastoral lands exhibited extensive burning (Fig. 2) . 
Fire size and Real Time Hotspot mapping
The majority of fires both in Ngada (98%) and East Sumba (87%) were <5 ha in size. However, some larger fires (>100 ha) were mapped at the Regency scale in more open, less rugged savanna.
Only seven hotspots were detected within the village study sites over 2003-04, although many more individual firescars were mapped. Given the narrow temporal (if daily) window of MODIS overpasses, such low detection success was likely attributable to the small sizes, and thus limited duration, of most fires. While we were unable to accurately detect many small fires, the accumulated hotspot data at the Regency scale provide a picture of the seasonal distribution especially of larger, more intense fires. For 2003-04, the hotspot record indicates that most fires occur from July to November in both Ngada and East Sumba (Fig. 5) . In 2004, burning started earlier and continued (with larger numbers of recorded fires) through to December. This concurs with firescar mapping which showed a much greater amount of burning in 2004. 
